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l.mtiiry  (l(>19oo)f  nnii)  (iMT'  17  January  (  1  70  3 '  u ) )  ,  and 
19otl  GM  l‘  1  January  (  I  7  I  9f  M  t ) .  19  8* . . .  *3 

V<'}li«a1  Profiles  of  Potential  Temperature  at  Camp 
Gr.ivl  i  1 1  >\  *  Ml  al  0300  (iMT  16  .January,  (K.OToo),  J  9no  (iMT 
■  fi  i  itfi  irv  (  Hd9oii)  t  0  300  GMT  J7  January  (170300),  and 
IT’O  (AP  17  January  (171900)  ]  98k .  *0 


V  «  t  i  •  a  1  JT'ol  i  h*s  of  fvju  i  v.i  lent  Potential  Tinpcr-il  m" 

>1  G.unp  i.i  iv!  inj»,  MI  at  0300  GMT'  16  January,  (I6d3oo>, 

19  in  GMT  16  January  (161900),  iGni)  ( iMT  17  January 
'  1  “n'lim  t  .  • ,  id  19110  CM'!'  17  Januaiv  (171900)  1 98.4  . 
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*  1 1 1 f  i -  *  <  ,MT  o| i  J  4  . 1. 1 m i.i  i  v  1  9  8m .  1  ’ 

v  #  ■  i  L  i  * » 1  ,  Vo  -  s  t  -  V  .  i s  L  < .  r  o  s  s  '  •  ♦  *  •  :  i  ,  i .  .  >  l  L  ■  >  {  i  .  a  l  V  •  1  -  .  it'- 

V.,-r  t.f'j  t  rom  rli'gi  i*»*s  A  thruugh  42  .  J .  >•,  r  » ■ » ■  ■ .  \  1  oi 
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'  ;  '*  i  !  .  \  '•  i  l  i  •  ■  i  ’  ,  Wes  f  -  he  s  t  '.toss  S(»<  tjons  o  t  Vert  i»:  a 1  Vt»lo»  itv 

*.  e  i  .t  ge«l  from  ~»n  ill'll  ‘‘‘‘s  N  through  42  dc^rrcs  N  for  1  2  Of  i  (.;>!  I 
■c  2  *  1*18*4. 

n  ♦ 1  <  *  i » v  *  * )  genet*  *ssf»«  lated  wi  Lh  Liu*  outflow  lavcr  in  the  upper 

r  opos  ph**r  v  at  8<!  -le^rees  W  was  found  above  VJO  mb  (Figure  in).  A  deep 
uv»  r  of  I'oin’er^.eiii  o  was  evident  below  100  mb  between  ftr>  and  9r>  degrees 
with  relatively  sti  ong  «  onvergetice  near  the  surface  and  in  Lae  mid- 
r  -  •  i  t  >s  ph“  r  e  in  the  area  <>1  deep  •  onveclion. 

ne  ■  twinge  of  the  tbermodvnamir  structure  due  to  the  development  of 
•  •'  Mrr  1  v  flow,  horizontal  distribuli  ons  ot  t  empe  ra  Lure,  dew  pomL 
»-!Mpe  ra  f  u  r  e ,  and  me  r  i  d  i  oim  1  wind  at  70*)  mb  is  shown  in  Figures  12 
!u->u>»h  1  A  w  •  i  r  1 1  and  moist  tongm*  was  found  near  90  degrees  W 

Figures  i2  6  1  f)  together  with  a  strong  meridional  (southerly)  wind 

;  L  b  speeds  as  nigh  as  1  *S  m  sec*  (  Figure  1  <4  )  .  The  horizontal 
i  sir  i  hit  ion  ot  vertical  motion  at  7nn  mb  (Figure  1  “>  )  shows  the  upward 
;L:on  was  present  near  (b>  degrees  W  as  well.  IL  is  apparent  that  the 
! .  i  ■  /  n  g  souther  lv  t  low  .mvc  Led  the  warm  md  moist  air  to  Lho  area  , .» i 
miv#‘«  Lion  ;n  i  ■  >w  levels  and  -  hanged  the  a  L  inos  phe  r  i  c  sL.ibi  ]  i  Lv.  The 
i  tie  lifting  provided  the  lifting  required  tor  Lh»*  re  1  caso  oi 

>  e  n  l  ia  i  nr-.L.iiM  1  i  lv.  The  divergence  associated  with  the  outflow  i  a  v<- 1 
•>mpuLed  ab'  \  r  djn  mf)  (Figure  Iff)  indicated  deep  *  on  vec  L  :  ve  <  lends 
»•  v«  ■  1  o  peri  !  o  i  this  ■  ase  in  agreement  with  the  «  old  <  loud  top  Lemperatina 
erve.J  hv  the  unKS-kast  infrared  pictures. 


■■  .OKS-F.ast  Infrared  Pii  liirr  of  the  Eastern  United  States  at 
I  2  iU  UMT  on  21  January  1984. 


1.1- 


I  he  I  W  j  !  I  »*  1  Cl 


ill*1  vertical  |)-v«»loi '  i  tv  was  «al«ulaLed  k  i  ntMna  L  \  t  a  1  ]  v  . 
t  !■>*  topograph  i c  l»*w*1  was  «  a  1  «  n  1  a  L  #*d  bv; 

~ v  -> 

i;(;  -  -,)gwc  =  .ogVG  •  v:i 

w  f  r  •  •  i  -  -  p  ,  t.  fa*  i  f  ’  1 1  •  >  i  L  v  [  ;*'  !  L  !)«■  i’i  .ivi  t.il  h»H.il  fji  •  cl<'f  iL  tun,  v  (  !  i 

u  :  !i-l  at.  the  oum!  ‘-a*!  tee,  and  (  It  J  the  height  ol  the  sin  I  a-  e.  lie- 
■i/oni,-<:  d  t  via  gen*  «•  was  estimated  bv  : 


\  f.aiu  *•»  •  is  i  <jL.i  i  i’rti  due  to  fonvi’r^fincs  ot  the  m«*  r  i  tl  i  ans  .  1  i«« 

m  •  *■  *  :i.al  <•  s  i  i  iiuics  •  :  ii  i  vni'.iTi'  p  and  [w]  wore  correi’toii  to  «iisui  >■  tha 
w1  . i ! >  i  si’fs  ii  1  lin  mb.  The  forrcction  was  made  tol  lowii'}1,  n'Kr  a  m' s 

'•  >•  '  -  *  ■  i;«*  -  w'n !  <’ii  .lssuincs  the  errors  in  the  (ii  Vermont  wind  m<  lease 

•!’t  ii'.'i!  1  v  a  s  a  I  nit'.ir  f  une  L  i  on  of  pressure.  S  i  in  e  the  t  r  o  j  >o  pa  1 1  s  e  is 

ippiaxmi  .t  el  v  at  2">u  mb  rather  than  100  mb  during  the  winter,  a 
'  ;  i  s  son  net  ween  the  vert,  till  volor  i  ties  obtained  hv  imposing  the 

n«  nn  iarv  ron.ii  l  ion  ot  (wj  equal  to  zero  at  Imii  mh  and  J.Od  run  w- 

*.  a  •*  in  Appond  in  I  . 


Kiii-i’  h  ,  the  vertical  p-veioi'itv  was  converted  to  cm  see  '  usiiu*  the 
h  vd  ro*- 1  a  L  i  «  relit  i  onsh  i  ;> . 


The  niiiie  oh  joe  Live  anal  vs  is  technique  described  above  was  appl  i«d  to 
liour  1  v  siirld*  "  onset  va  t  i  ons  .  Details  of  the  procedures  to  process 
upper ‘-air  data  and  surface  observations  are  given  in  Appendix  2  and 
Appendix  1*  respe.  tivelv. 


PASK  OK  I  AM  AK\ 

'  .  Svnopt.  i  *  Situation 

M  '.nu  (,>1I  2!  .January  198-*,  the  iOO  mh  constant  pressure  chart  shows 

that  an  upper  level  trough  was  developing  along  the  west  coast  <  Kigali* 
.  •.  Ibis  trough  was  evident  at  the  next  observat  ion  time  iHKii!  (.Ml  2  2 
I  a  ni  i.i  r  v  lor  a  i  i  «<>nstant  pressure  charts  a  hove  7 '  in  mh  (not  shown).  A 

this  trough  intensified  and  propagated  eastward,  a  surface  trough  w.is 

;  o  mod  at  i2un  «’ »MT  22  ianuarv  (Figure  2)  in  the  southwest  extending,  l 
'•ratio  to  be  w  Me  >;  :  •  n  .  \  l  the  east  coas  t  a  Ii  l  gh  p  i  es  s  u  r  e  «  ei  i  L  e  >  was 

*  •  .  t  d  e  1 1  i  * » v«  •  r  M.  j  :  v  1  .  •  i  cl  a  •  m  1  V  i  t  g  l  n  i  a  together  with  v»  -  r  v  .old  ItMiip’-r.il  ui 

r  'he  'Mi  i  i».ii  !  <» !  the  initial  States*  As  Liu*  trough  intensified, 

in*  w  ♦  •  •-»  I  -e  ;  s  ?.  p  >  e  s  1 1  r  e  gradient  i  nr  *  ea  s  ei  I  he-  •  i  ■  i  s  i  •  * » 5  tic  h  .  y  h  [  :  *  •  s  s  m 

♦  i  at  the  ea  1  .oast  i  •  at  tie*  d  e  ve  1  op  :  i  i  >*  trough  mi  f  h*  ■  w < ■  s  t  .  ‘I  he 

<  a  .  !  h  >  J  low  ahead  o  t  :!•*■  L  >  ough  .Hid  brli  i  rid  L  he  high  ;■:»*-  s  '  1 1  e  ■  enl  < 

■.  t  r  *  -  ng  l.  hen  *m  t  .  iiiii  drought  in  the  warm,  moist  .  >  i  i  I  •  « >m  the  <  •  u  1  ;  *  a  M « >  \  i 

r  *  •  -  ■  i  a  .  (fig  !  J  u  •  ■  t  *  •  ' 1  ,  « ■  r  v  ,i.r  in  low  1  e  V « ■  1  s  . 


."I'l'.l'W 


Wash  i  ng Lon ,  D.C.  were  used  to  studv  the  synoptic  situation  during 
snowstorm  neon r renees .  The  Defense  Meteorological  Satellite  Program 
(DMSD)  satellite  photographs  from  the  National  Climate  Center,  Satellite 
Service  Division  D">f>,  Washington  D.C.  and  the  Gcostat ionarv  Operational 
hivironmenlal  Satellite  (GOES)-East  visible  and  infrared  images, 
available  i rom  the  Me  I  DAS  s vs  Lem  at  Air  Force  Geophysical  Laboratory 
■  AFC!.  )  ,  were  also  user). 

kegul.ir  iipper  -  nr  data  in  12  hour  intervals  from  National  Weather 
-e'l-vice  rawinsonde  station  and  fiourlv  surface  observations  from  stations 
within  the  domain  ot  7  '■  degrees  W  to  IDS  degrees  W  and  2i  degrees  N  to 
in'  ieg>'ees  \  were  oils  i  del  <-d .  Tlie  measurements  for  each  sounding  were 
cot  !.  ix.cn  s  i  mu  1  t  .moons  !  v  .  Furthermore,  it  takes  approximalrdv  f>o 
hit  iiutes  r'ii  the  balloon  to  reach  Dm  mb.  During  iLs  ascent,  the  balloon 

•  :r  >  f  te-j  .»*,  mill  n  as  rtu  km  from  its  launch  site.  However,  no  corrections 

:  t : me  and  balloon  drift  were  made  in  this  studv.  Both  the  upper-air 

■  i  . i  and  : ' in r  1  v  surface  were  available  I  r  om  the  Me  I  DAS  svslcni  a  L  AFGl.  • 

i  •!>...«,  sound  i  ngs  ,  signil  i  •  ant  level  and  iiiauda  L  or  v  level  data  were 
■7, '>,<  s  :  mi  i  I  i.anL  level  t  fie  r  nx  id  vnain  I  c  <iata  were  reports  at 
i  !  --sure  ie  wnere.is .  the  sigm  f  i<  ant  level  wind  data  were  reports 

I, !  *  •  c  i .  i  i, .  first  (>f  all,  we  combined  mandaLorv  level  ami 

t  :•  mi  1  evei  t  ne  ruiou  vnam  i .  data  and  then  interpolated  temperature 
dew  point  temper. .ture  into  2')  mb  intervals  using  a  cubic  spline 

■  i i  tension  curve  fitting  technique  (Cline,  197i).  The  pressure  level 

•  o,  .nil  sii'Mi  :  i.  .ml  wind  datum  was  interpolated  from  the  height  data 

i  ci ..  ,  »•  t  it  pie  mandaLorv  level.  Then  we  combined  the  mandatorv  level 
in*:  s  i  g  • .  i  i  i  ,  .in  i  level  wind  data  and  interpolated  Lhe  zonal  (u)  and 
in  i  - 1  idion.il  <  souLlier  1  v )  (v)  wind  components  inLo  2  *>  mb  intervals.  The 

ceopoienl  ia)  fieiglit  at  each  2")  mb  interval  was  calculated  lrom 

t  empc  i  a  L  u  r  <•  aid  dew  point  using  Lhe  hydrostatic  assumption. 

A.e  i  !  >e  r  iik  >d  vna  m  l  c  ,irid  wind  data  tor  each  pressure  surface  were  next 
i  1 1'.  ei  po  luted  onto  a  s  x  2  degree  coirse  grid  from  IDO  degrees  W  to  80 
eei-es  W  and  1  ">  degrees  N  to  a  ">  degrees  N  using  Grossman  *  #  (i9r>9) 

■  u.ieet'vi.  ana)  vs  is  scheme.  The  scan  radii  were  l.Od,  2 .  Od ,  l.id,  1  .  1(1, 

i  .  1 1 1 ,  with  |  d  1  equal  to  tlie  mean  station  separation,  which  is 
.iinn 'ox  i  mat  <•  1  v  ion  to  -din  km.  We  turther  interpolated  the  data  from  the 
o.irse  gr  id  into  a  2  x  1  degree  I  me  grid  using  cubic  spl  ine  under 
tension.  I  fins  ,  the  olqectivp  analysis  scheme  was  essentially  the  same 
is  that  which  was  us. d  earlier  liv  Ogura  and  Chen  (1977)  and  Ogura  et 
...  ■  i  '*  9  )  .  It.  is  i  mi  io  r  l  an  L  t  <>  note  L  iia  L  to  interpolate  L  fie  data  onto 

•  :  i  in  gt  i  0  (toes  not  re.Pi.  e  the  resoluble  scale,  will  eh  is  determined  bv 

■  ■  ■- »  '1  ion  sen.ii.t!  ion  oi  I  fie  of>se  r  va  t  1  ons  .  the  scale  ol  analyses 

•  '..no  .  ’  •  ■  g  i  ria  1  ofis  e  i  va  t  i  on  s  rather  L  ha  L  the  grid  system  chosen. 

'■.■a  i  hi  e  i  . ,  resolve  s  i  giia  1  s  with  wave  1  eng  L  h  s  sina  1  1  e  r  than  t  fie 

•  •  i  "  vl  .it  .  separation.  lhe  pur  pose  ol  the  interpolation  onto  tlie  line 

.■  .  ■  :  was  I  <  >  n  -  >\  i  d .  a  denser  grid  for  till-  I  i  n  I  1  e  difference  .  ,il.  nl.il  Kin 

■  ■  .  on  ;  1 1  i<- 1  i  ■  1 1  i  v  es  o  t  variables  sueli  as  d  i  ve  i  g  en.  ami  the 

•  ’  i  ■  .  i  i  .  "innonenl  oi  yor  I  l.  liv. 


i  NTRODUCTTON 


Suine  r  i  i  a  1  snmiLil  ions  o  I  c  1  oi  id  de  vr  1  opmen  t  under  1  a  r  g  e-s  ■  u  !  ••  1  M  L  i  ng, 

were  made  hv  Chang  and  Orvi  He  (  1  9  7  '  )  .  Ill  their  simulations,  a  .loud 
i  e  \  e  i  op.  'd  to  a  hiui'lil  .  1 1  8  Ism  alter  1  h  r  s  w  i  L  h  a  1  ou  1  e  v<  •  1  1  i  I  I.  i  ng  ..  I 

.  la  sis  at  1  km .  in  another  ease,  when  the  1  1  1  l  l  up  was  i  <  am  a  eil  ,  all 
clouds  staved  lie  i  ow  Lh<  2  km  level.  Cotton  et  a  1  .  ,  (  1  9  7 1.  >  l  i  i  eu  mane 

wait  u~e  oi  a  sea  breeze  model  ( I’ielke,  19/s)  and  a  ■  loud  mode, 
i  Cotton,  iOT'.i  to  jirodui  a’  some  observed  showers  in  Morion.  They 
:  :  us t  rat ed  the  dramatic  et  tests  ot  the  perturbed  sound  i  rip  and  formation 

oi  i  "pious  oi  horizontal  eonver gence  due  to  the  sea  breeze  iiiulatioii 
on  Lne  liti  ve  ;  opment  ot  a  cloud.  Soorig  and  Ottiira  (1980)  have  pan.  o"-i  a 
.  loud  ensemble  model  on  which  the  large-scale  forcing  .  an  tie  imposed, 
ke  ent  work,  hv  Sooiiji  and  Tao  (  1 98u )  and  Wane  (  1 9H*  >  have  suggested  the. 

.n  doimt  numerical  simulations  ot  observed  cloud  activiLv,  Lhe 
ic  ’orporat  ton  oi  1  arge-sea  1  e  loreing  in  some  way  is  a  tie  -essitv. 

i.iiii'i.ii  K  i-iioi  i  tut  due  to  1  arge-scal  e  lilting  usually  leads  Lo  the 
t  orm.it  i  on  ot  clouds  and  precipitation  systems .  Small  scale  upur.it  t  s  am. 

.  1 . 1  w  ii.ii  ,  1 1  t  s  are  normally  found  m  clouds  and  precipitation  systems  wiln 
;  .u  y  •.■-scale  ascent.  the  large  seal.’  lifting  is  small  and,  m  genera’.  , 
on  the  order  oi  several  centimeters  per  second.  Two  methods  are 
t  refluent  1  v  used  Lo  coition  le  large-scale  vertical  velocities  t  rout  observed 
inner-, it r  data  (IV.noiskv,  1946);  these  are  the  adiabatic  and  Lhe 
kinematic  methods.  The  tirst  is  based  on  the  assumption  Lti.it  changes  oi 
state  ot  atmospheric  air  are  adiabatic,  and  the  second  depends  -an  Lite 
pr  :  it.  t  pi  e  ol  mass  continuity. 

:\  tins  study,  the  environmental  conditions  as  well  as  large-scale 
1 i ’ Ling  lor  two  snowstorm  cases  during  SNOW  TV/O ,  lb-17  January  and  2  1-J-r 

January  198s,  were  sLudted.  Since  the  adiabatic  assumption  may  not  be  a 
e. ..... i  assumption  during  a  period  of  snowstorm  activity  (due  Lo  trie 

.‘Meets  ot  latent  heat  release  and  convective  transports  as  a  result  ol 
olive.  Live  ovci  Lurmng),  the  kinematic  method  was  used  Lo  compute 
1 arge-s.  ale  vert  teal  motion  in  this  study.  The  large-scale  vortical 
mo L i up  computed,  as  well  as  environmental  conditions  studied  tor  both 
.uses,  will  provide  useful  i n I orinaL i on  tor  the  proper  choice  ol  initial 
.ondi Lions  tor  our  numerical  simulations  of  cloud  development  m  the 
I  ii'  lire. 

J.  i).-Vi  A  SOI  KCKS  A  Nil  MhTHODS  OF  ANALYSIS 

■ ,  1 1  !  !  .  i .  e  observations  and  upper -air  rawi nsotlde  measurements  taken  at  SNOW 
TWO /Smoke  Weep  VI  al.  Camp  (.ravling,  MI  were  re.eived  from  lhe  Cold 

K  .  I  .  ,1  is  P  .  s  e.i  I  ,  h  a  lid  Kne  i  n'*ei  I  1 1  g  Labor  a  Lor  v  ,  Corps  o  I  Kiij . .  s 

a. -novel  .  New  'lamps  Ii  i  r  e  .  'mi  I  n<  e  .harts  and  .  mistant  pressm  e  si.  i  I  a.  <• 

,  h.iri.-.  i  tom  ill  hip  e  Nvsieiris  (.ommattd  Headquarters,  Andiews  AP  K . 


tin-  siiridL-c  Lroup.h  moved  eastward,  the  convective  acLiviLv  propagated 
eastward  and  moved  out  of  the  central  United  States.  One  day  later  the 
vertical  cross  sections  of  meridional  wind  and  vertical  motion  (Figures 
I  (>  i  17)  show  that  both  regions  of  upward  motion  and  strong  southerly 
wind  moved  to  the  eastern  boundary  of  the  domain.  Subsidence  was  found 
in  the  Central  United  States  where  the  convection  was  suppressed.  Thus, 
! he  computed  vertical  motion  agreed  well  with  the  observed  convective 
activiLv. 

1  i .. . •  axis  of  coldest  cloud  Lop  temperatures  entered  southwestern  Michigan 
it  approx l mate  1 v  I  4OU  GMT  23  January,  extending  northward  and  occupied 
most  ot  Michigan  at  1 70l>  CMP  (Figures  18  &  I 9 ) .  The  NWS  (Nat  tonal 

Weather  Service)  regular  upper-air  observations  with  12  hr  intervals 

weii'  apparently  not  sutticient  to  resolve  Lhe  changes  in  detail  during 
the  pass-age  ot  this  weather  system  at  Michigan.  Fortunately,  an  upper- 
aii  observation  at  Camp  Cravling  was  available  at  1530  GMT.  Ihe  time 
hinges  ot  the  atmospheric  structure  at  Camp  Grayling  will  be  described 
n'  .  The  vertical  cross  sections  at  1200  GMT  23  Jantiarv  and  0000  GM1 
i  «  January  representing  the  situations  before  and  alter  the  passage  ot 
this  weather  system  ,|L  Michigan  will  be  presented  using  rawmsonde  data 
ii.,m  stations  near  as  degrees  N.  The  stations  used  were: 

.’lui  on,  SI)  (08.2  degrees  W,  44.4  degrees  N), 

M  .  (.loud,  M\  (  9a  .  2  degrees  W,  a5.6  degrees  N )  , 

i.t-cin  Bav,  Wl  ( 88 . 1  degrees  W,  a4.5  degrees  \), 

M:i,t,  Mi  (81.7  degrees  W,  43. 0  degrees  N), 

Bniialo.  NY  (78.7  degrees  W,  42.9  degrees  N), 

Albany ,  NY  (71.8  degrees  W,  42.8  'egrees  N ) . 


I  (>■ 


At  1200  GMT  23  January,  the  vertical  cross  section  of  meridional  wind 
shows  southerly  flow  in  the  central  United  States  with  slightly  warmer 
potential  temperature  and  equivalent  potential  temperature  in  the  low 
levels  (Figures  20  &  21).  The  vertical  cross  section  of  relative 
humidity  (Figure  23)  also  shows  that  the  moisture  was  mainly  confined  to 
the  low  levels.  It  is  interesting  to  note  that  the  meridional  wind 
shown  in  Figure  22  was  much  weaker  than  that  at  41  degrees  N  which 
resulted  from  objective  analysis  (Figure  9).  The  horizontal 
distribution  of  meridional  wind  shown  in  Figure  14  resulting  from  the 
objective  analysis  did  show  the  decrease  of  the  wind  speed  toward  the 
norLh  together  with  decreasing  dew  point  temperature  at  1200  GMT  (Figure 
13).  Recall  from  the  GOES-East  satellite  data  indicates  that  the  major 
convective  activity  prior  Lo  1200  GMT  was  mainly  located  south  of  Lake 
Michigan.  As  the  trough  intensified  and  moved  eastward,  the  area  of 
deep  convection  extended  northward.  Twelve  hours  later  (0000  GMT  24 
January)  the  meridional  flow  along  the  cross  section  increased 
drastically  and  reached  as  high  as  25  m  sec~l  at  Flint,  MI  at  900  mb  and 
over  40  m  sec-l  at  high  levels  (Figure  26).  Accompanying  the 
strengthening  in  the  southerly  wind,  the  low  level  potential  temperature 
and  equivalent  potential  temperatures  also  increased  considerably 
(Figures  24  &  25).  A  conditionally  unstable  layer  (where  9  decreases 
with  height)  was  found  between  700  mb  and  500  mb  at  Flint,  MI.  The 
cross  section  of  relative  humidity  indicates  the  development  of  deep 
clouds  (Figure  27)  near  the  axis  of  maximum  southerly  wind,  which  is 
consistent  with  the  satellite  observations.  These  results  suggested 
that  the  strengthening  of  the  southerly  flow  resulting  from  the 
development  of  the  trough  brought  in  the  warm  and  moist  air  and  may  have 
played  an  important  role  in  the  formation  of  deep  convection. 


The  correlation  between  the  surface  convergence  computed  from  the  hourly 
surface  data  and  the  region  of  cold  cloud  top  temperature  was  poor  (not 
shown).  The  close  relationship  between  the  low-level  convergence  and 
the  convective  activities  found  by  Ogura  et  al . ,  (1979)  and  others 

during  the  GARP  (Global  Atmospheric  Research  Program)  Atlantic  Tropical 
Experiment  was  not  evident  for  this  winter  snowstorm  case.  In  the 
Tropics,  the  atmosphere  is  conditionally  unstable.  A  minimum  of 
equivalent  potential  temperature  exists  at  700  mb.  The  low-level 
convergence  provides  the  moisture  supply  and  the  lifting  required  for 
the  release  of  potential  instability.  However,  for  the  23-24  Januai y 
snowstorm  case,  the  equivalent  potential  temperature  in  the  low 
troposphere  was  considerably  colder  than  in  the  mid-t roposphere  and  high 
levels.  It  was,  therefore,  unlikely  for  the  air  parcel  in  the  low 
levels  to  grow  and  develop  into  a  tall  cloud.  It  appears  that  the  low- 
level  convergence  was  not  important  for  the  development  of  deep  clouds 
for  this  case . 
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t  if  ill  Cross  Sections  of  Meridional  Wind  through  Huron, 
iN),  St.  Cloud,  MN  ( STC ) ,  Green  Bay,  WI  (CRB ) ,  Flint,  M 
f .» 1  o ,  NY  (BIF),  and  Albany,  NY  (ALB)  at  1200  GMT  on  23 
uarv  19ft-t.  Shaded  areas  represent  relative  humiditie 
ater  than  90^ . 


600 
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Cross  Sc  Lions  of  Potential  Temperature  throng 
i  (HON),  SL.  Cloud,  MN  (STG),  Green  Bay,  WI  (GK 
( FNT ) ,  Buffalo,  N'Y  (BUF),  and  Albany,  NY  ( AI.B 
on  -s  January  1984.  Shaded  areas  represent 
humidities  greater  than  9<l  .  Lines  are  dashed 
;here  data  are  missing. 
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f  i  ^  ■  1 1  ■> ;  mil  1 .11  m*  hit*  s  we  r  e  made  on  sit**  at  < )  *>  in  i  <  ,M  I  ,  !  \  \  >  All  .M  i  m>  *.  1 1  \ 

* :  ui  GMT  j -*  l.miMi  v  representing  the  I'onili  L  ions  J » « *  1  < » i  » ■  ,  ilm  ;i;-,  and 

:  I  '  * ' !'  *  I  a*  |  -iss.iK*'  o !  tin-  ■  onvfvt  i  vp  svst<*ni,  r  es  pe*  t  i  ve  1  v  .  F  i  y  ■  i  i  «  2  8. 

*  .  c  i ,  .1  n»  I  '1  shows  the  ui  l  i<  ,i]  profiles  oi  zon.il  w  ind  ,  io*  •  r  i  <i  i  t  1. 1  1 

u  i  c  i  •« » L  en  l  i  a  1  L  emper  a  L  in e  ,  and  t*«jn  l  va  1  cut  luilfiil  i.il  l  <  *  u:(  > » *  i  a  L  • :  r  i  ■  i  ?. 

:  :  in**  sonrs,  ’’fir  ,  on-ii  wind  (  F i  gu  r  e  2  8)  shows  si  i  g  1 1 1  >  li.mi’f,  he i weet  > 

o'  1  GMI  and  1  i 1  •  GMT  2J  January,  tiowovo  ,  drast  i  .  t  •,  in  Uic 

.tsi  •  r  i  d  i  oria  1  win!  were  rvid/ml  (Figure  29).  Tlw  mor  idion.j]  wind  wa  ^ 
i  .iUn*r  weak  aL  o">iio  GM  F .  It  i  n«  reasod  to  20  rn  se«  ~1  t  ui  most  W-v*-!- 

9<iu  no.  flu  «•«*  hours  carl  i<*r,  a  ncarhv  station,  Flint,  MI,  on  1  «. 

;  muirlrd  a  incnd  lonal  wind  as  strong  as  10  rn  soc"  ^  (Figure  22).  IL  was 
••a i  that  Lho  strong  meridional  wind  and  the  intense  convcrtivc 
i«  t  (city  boLh  occ’urred  ai  tor  1200  GMT  2$  .January  aL  Camp  Grayling. 

V*  aiming  b»*low  7u*i  mb  between  U“>nn  GMT  and  1  V$0  GMT  was  clear  1  v  shown 
’  r  on  t  lit'  verti«.«il  profiles  o!  potential  temperature  (Figure  0)).  The 
increase  in  the  equivalent  potential  temperature  (Figure  II)  between 
uu:n  GMT  and  1  VO>  (,MT  is  verv  striking.  Above'  700  mb,  the  atmosphere 
would  have  heroine  unstable  at  1  VU)  GMT  if  the  latent  heat  release  bv  i*  <■ 
urci  ess  had  been  considered.  Thus,  the  inflow  oi  moist  and  warn:  air 
from  the  south  rreated  favorable  conditions  for  the  development  ol  deep 
*nvi'i  Lion.  Fall  clouds  would  have  developed  if  large-scale  lilting  was 
present  above  ?i»(i  mb.  It  appears  that  the  relatively  strong  convergence 
Figure  Ju)  and  t.he  large-scale  lifting  (Figure  11)  in  the  mid- 
f  ropo:jphere  were  verv  important  tor  the  release  of  potential  instability 
:cr  Lh i s  i  asr  . 

At  "'iHM  (;MT  2s  January,  after  the  passage  or  the  convective  system,  tl»e 
meridional  wind  weakened  and  both  the  potential  temperature  and 
'•Mi  :  v.ih-nt  potential  temperature  decreased  except  below  900  mb.  An 
inversion  at  82“  mb  with  a  well  mixed  layer  was  found.  Since  the  air 
.’hove  tin  inversion  was  relatively  dry,  this  inversion  was  possible 
■uused  bv  the  subsidence  which  prevailed  behind  tin*  meridional  wind 
:i;  i  \  i  mi  lin  . 
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a.  2  KhsuiLs  <»!  Data  Analyses 

i'he  west-east  rross  sertions  averaged  between  411  degrees  to  s2  decrees 
lor  zonal  wind,  meridional  wind,  divergence,  vertical  motion,  and  the 
vertical  component  <>1  relative  vorticity  lor  UOUll  GMT  17  .lanuarv  ale 
shown  in  Figures  26,  17,  28,  1 9 ,  and  an.  The  speed  of  Lhe  zonal  current 

uas  comparable  to  tlie  2  1-24  January  case  (Figure  26).  However,  Lhe 
sLi'Mig  meridional  wind  was  not  found  in  the  region  of  maximum  cloud 
a.  L  iv  it  IPs.  Southerly  wind  was  found  east  of  90  degrees  W  witti 
northerly  wind  west  of  it  below  lUO  mb  indicating  Lhe  presence  of  a 
i  omul  discontinuity  (Figure  27).  t pward  motion  was  found  over  the 
frontal  zone  coinciding  with  Lhe  area  of  maximum  cloud  activities 
observed  bv  satellite  visible  image  (F'igure  28).  The  region  of 
strongest  upward  mot  ion  was  1  oca ted  slightly  ahead  oi  Lhe  surface  cold 
front  with  a  maximum  of  1.1  cm  sec-1  at  720  mb  and  a  maximum  of  2.4  crn 
sec  -  i  at  slid  mb.  Sinking  moL ion  was  computed  behind  Lhe  cold  front  in 
agreement  with  the  clear  skv  observed  by  satellite  visible  picture.  The 
sinking  motion  behind  Lhe  cold  front  was  also  observed  by  Ogura  and 
Port  is  (1982  )  tor  a  cold  trout  passing  through  the  central  United  States 
in  \nr i 1  1979.  in  Lhe  region  of  upward  motion,  convergence  with  a 

magnitude  of  -1.1  x  lO^see  1  at  900  mb  was  evident  with  weak 
convergence  in  Lhe  mid-troposphere  (F'igure  28).  The  divergence 
associated  with  the  outflow  layer  was  found  mainly  between  2l)o  and  400 
mb.  Consequent  1 v  the  maximum  vertical  motion  in  the  upper  Lroposphere 
was  1  o,  a t<*d  at  son  mb  which  was  1 00  mb  lower  than  the  22-24  January  .  us 
'Figures  11  fv  28).  Tins  is  consistent  with  the  satellite  IK  cloud  lop 
temperatures  observed  bv  both  cases.  Satellite  observations  showed  that 
Lhe  22 -2s  lanuarv  > use  had  colder  cloud  top  temperatures  than  the  16-1, 
lanuarv  case.  A  weak  divergence  l aver  between  fiOo-ftOo  mb  was  also 

■  resent  in  the  area  m  rising  motion.  The  vertical  cross  sect  x.n  of  Lhe 
\  i  tie.il  component  of  relative  vorticitv  shows  maximum  cy.  Ionic 
vaitieitv  in  tin1  lower  troposphere  over  the  frontal  zone  (Figure  eh). 

i  lie  veiti  al  ■  loss  so.  Lions  of  potential  temperature,  equivalent 
nolenti.il  L emne r a t  in  e ,  meridional  wind  and  relative  humidity  constructed 
from  six  rawinsonde  stations  near  degrees  N  are  shown  in  Figures  si, 
-4.'.  -t  2  and  ss  .  Sharp  horizontal  gradients  of  potential  temperature  and 
an  ,  v.il  "ill  potential  temperatures  were  found  between  Green  Bay,  WI 
88.1  degree*-  W,  a-*.'*  degrees  \)  and  St.  Gloud,  MN’  (9a.  2  degree*.  W,  a  ; .  f 
degrees  \)  in  Lie*  low  Lroposphere  due  to  the  presence  oi  Lhe  cold  trouL 

■  Figures  a  1  4  a.’).  The  air  ahead  of  Lhe  cold  front  was  relatively 

w aimer  and  had  a  higher  moisture  content  (F’igure  aa).  A  moist  layer 
il.e.ai  of  the  loGt  |  rent  was  also  present  m  tin*  middle  layer.  It  is 
i mi".,  i  ant  to  note  that  lhe  atmosphere  was  stable  both  ahead  and  over  Lhe 
!  t  'iit.il  ,-o'ie.  Ltw  cold  front  moved  easLward,  the  relatively  warm  and 

in. .  i  -t  iii  ahead  it  Ltie  i  old  front  was  lifted  and  mav  have  become 

‘  .  1 1  a  1  e.f  and  :  a  ■  >'  hi.  ed  .  1  m  id  s  ,i  n  ( i  preeipitation.  The  low'  level 

c.  ■  i  ,  d  i  a  .  i  I  wind  iit.i  x  i  mi  i  (*t  whi.fi  was  evident  a  he. id  of  t  ti  e  s  u  r  I  a«  e  trough 

■  a  .  '■  l.i  i .  1 1, 1 1  i  a  e  was  riot  found  t  or  t  fi  i  s  i  zsi*.  the  meridional  wind 

si.  weak  in  I*  e  n  e  i  a  1  (I  ijiiii  ■  s  .J  ;  . 
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liy.ur#*  .  GOF.S-East  Visible  Picture  of  the  Central  United  States  for 
2030  GMT  on  16  January  1984. 


33- 


'  ASK  OK  1  6  - )  7  JAM  AH  V 


-  ,  * ■  \  n< >i •  t  i .  situation 

\  ii.uit  was  found  ex  t  <»nd  i  n$>  t  rom  uorUw'rn  Canada  to  thf  l  in  t  «'ii 

’  i  t  •  •  s /\  a  nad  i ,  m  horflrr  north  of  Montana  at  1200  CMT  15  January  (not 
-ii"un).  !  h*'  .  •  >  1  il  ,ii'  t.  if  air  behind  the  cold  front  and  the  cold  front 
mk.voI  - •  »i 1 1 hw.t i  •  i  yi  adiiallv  and  intruded  into  the  northwest  I hited  States. 
M  h»i  u  -MI  17  l.inuai  v  the  500  rn t >  weather  (  hart  (Figure  *>2)  shows  a  low 

i  «  "siin  c  .  enter  located  over  northern  Canada,  with  a  surface  cold  front 
:  einliin*  sou  t  sues  t  w.i  r  d  into  the  central  I'm  ted  States  and  nor  tliwestward 
’  •  n,  'Ik  1  .»li-  in,  i  ».  <  >  U .  i  1 1  i  ii  v*  t « '•  *■  i  j’  u  r  e  M  )  •  Beh  i  rid  the  su  r  I  a*  e  i  i  out  a 

,  >  ■  i'n  !i  i  i'll  ;  u  os  m  t‘  ■  t‘i\l  >'  t  w<i  s  s  i  !.  united  over  Nebraska*  \  1  i  on  t  a  1  <  loud 

hand  n.*vun  L<-  *  >  >i  rn  near  1  5oil  < ;  M  ’  1  lb  January  and  he«  amp  well  oryuni/ed  at 

1  •'*11  1  *  >  v  i  h  i  j'lirc  t  -♦  )  as  the  front  moved  sou  t  h  wes  t  wa  r  d  •  Tills 

’  •  aid  hand  « •  v.  t  end  e<  i  !  rom  Illinois  to  Texas.  Although  the  ( .uKS  -  V  a  s  t 

i  •  <  ".ace  1 1  .• 1 1  O  t  lb  .  lamia  r  v  shows  i  on  vn  l  i  ve  ,it  t  ivitv  over  iflos  L  of 

'  r  •  •  •  a  -  i »  '  : .  «  n  i  t  e  <  |  s  ,  the  ( ,  o  K  S  -  K  a  s  t  ml  i<n  nj  |  >  i  >  t  m«-  at  J  I  o  o  n  M  J 

c  » i  •  '  •  i  mu  j  .  a  t  *  e  '.fi.it  the  iloml  top  temperatures  were  .  ons  i  de  r  a  h  1  v 

t  i  i  ■:  •.<  •  t  I  : ..  i' .  t  I."  J  \  -  -«  i.inn.ir  v  ■  a  s  e  .  f  )n  1  v  a  narrow  .old  cirrus  «  lend 

<■  d  •••-.  t  end  i  up  from  Nebraska  to  southern  Mi*  hi  van  and  scattered  *  iirus 
.  '  r  ire-  boundaries  between  Illinois,  K  en  t  u.  k  v  ,  and  Missouri  were 

•  Hehittn  l  tie  surla*  e  cold  front  the  weak  h  i  p,h  Pressure  system 

i  d  .  *  *  •  l  leai  sky.  in  the  southeast ,  cloudiness  asso*  rated  with  a 
i  :  ic  i  was  ,i  i  evident  . 


-  -♦  linn*  S(  f  u's  o I  K.iWi  iisMidr  Ohs<*r\,’aL  i  ons  aL  Gamp  (ir^vl  1  iij» 

i'h*'  old  l  i  out  passed  (“amp  i.ravl  i  ng  at  approx  lmalcl  v  ujmii  f ;MT  1  ? 
laaoary .  Rawinso rule  launches  were  made  at  Oaun  (,MT,  1‘Hmi  (;mT  1  G  .i.iiumi 
nd  iJ'inn  c;M  f\  !9bn  GMT  i7  January.  Figures  *>0,  r>  1  ,  "» 2  and  V)  show  Lhe 
vertical  pi of  iles  of  zonal  wind.  m«'r  id  u>nal  wind,  poLeiiti.il  L  omnet  ,i  t  m  ■»•  , 
and  e<pi  i  va  1  ei  jL  poLenLial  temperature  in  Lime  series.  In  contrast  to  L!ie 

January  »‘.jse%  Figure  ’)  1  .i^.nn  shows  Lhe  incndional  w  i  ml  was  weak 
in  kM-neral  .  Ihe  in*  -reuse  in  Lhe  zonal  wiml  between  u'>im  <  .Mf  If*  }anu..i  c 
and  n>{Mi  GMT  17  January  is  vorv  sLr  ikinp.  (Figure  r>N).  JL  scorns  thil  the 
,  n.rease  in  Lhe  /.onal  *  urrenL  in  Lhe  m i d ~ L ropos phe i e  was  at  least 
narLially  related  Lo  Lhe  nor Lh-south  pressure  gradient  due  Lo  Lhe 
nrosence  ot  the  low  pressure  center  situated  over  norLhern  Canada 
(  F  .  :;«•  \2)  it',  the  mio-Li  oposphe*  r  e  associated  with  Lhe  sur:a*»*  r  i  on  La! 

:.vsLi*m.  Tin*  .U'oosli oplin'  component  mav  have  contr  i  bill  ed  Lo  Liu*  sLroity 
/on.i'i  w  :  nd  (which  re.i*  hed  69  ni  so,-)  at.  2(in  rnh)  as  sugp.es  L  ed  hv 
<  cell  i n i  and  Johnson  (1079),  especially  in  Lhe  upper  L r oposphe i  e . 

Both  the  potential  temperature  and  the  equivalent  poLenLial  L  empe  r  a  L  u  r  e 
show  decreases  alter  the  passage  ot  the  cold  front  in  the  law 
troposphere  (Figures  VJ  <S*  VJ  )  .  A  wr*  1  1  mixed  layer  near  the  ground 
-niri.iee  was  clearly  shown  I  or  both  Lhe  Dilill  GMI'  and  the  19imj  < ;  M 1  17 
January  soundings  alter  tin*  cold  front  passage.  The  Lop  »*»  Lhe 
iii'cMSion  rose  during  the  passage  ot  Lhe  cold  front  and  dropped  behind 
the  void  f  ronL  due  to  Lne  present  e  ot  the  surface  convergence.  lhe 
cove*  Live  clouds  mav  ve  been  able  to  develop  Lo  Lhe  Lop  of  iuveisi<»u 
;  n  Lhe  frontal  zone  and  b<ahind  Lhe  front.  Further  growLh  <»!  Lhe 
*  onvc«  L  i  ve  clouds  abov*.  Lhe  top  of  the  inversion  with  cloud  has*-  i«  »«»{.»«. j 
in  L  tie  Potmdarv  laver  may  not  have*  been  possible.  As  discussed  before, 

:  .he  cold  clouds  and  pre.  i  pi  Lat.  ion  were  mainly  maintained  hv  Lhe 
as  ending  motion  of  1  he  warm  mo  i  s  L  air  above*  the  frontal  surl.ee.  S*  in*  * 

the  upper  level  let  maximum  was  located  at  2UU  mb  which  was  above  Lie 

iiia  i  i  *  divergence  out  flow  laver  round  between  h>n  to  *u)n  mb,  this  would 
e\»  1  ude  a  possibility  of  Lhe  upper  level  -jet  playing,  an  impoiL.ml  i  « > '.  *• 

in  'nit.  lal  !  :i>>  coiivec  L  t  \.  e  a*  tivities  tor  Lhis  *  wise. 

1  h  «■*  i  e  are  L wo  possible  causes  tor  Lhe  well  mixed  laver  capped  with  lhe 
i:\eislofl  licii  1 1,  ;  t  t'  e  Uirl.K  c  *  <>  1  <  I  t  i' on  L  ; 

.  i  .  f  he  p  i  e  v  i  i  l  »  np  ...  uhs  i  dmii'  e  beb  i  mi  t  fie  cold  1  i  «  ■  n  L  as  s  i  ;>> >>  e  i  ♦ 

h v  OjMir  .1  -m  i  h*.  L  i  s  (198  2  ) 

■•»  .  ihe  M.UTSini  IIM  V  huV»*  I  <  ’pi  CS<Mlt(‘(l  tfu*  1  I  :  t.  e  l  !  a  e  l.'l'l  Wc*,ll 

l  tie  *  o  1  d  a  r  i  t  i  (  ■  out.  i  n  e  n  L  a  1  air  nca  r  lhe  ground  mii'I.i.  »■ 

and  the  warn,  *1 1  v  a  i  i  a  hove  . 
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two  case  studies  <>I  snowstorms  which  orrurred  during  SNOW  TWO,  namely 
2  1--2-.  January  amt  16-17  .lanuarv,  wer?  made  using  NWS  regular  12  hr 
lawinsonde  daL.i,  hour  1  v  surtare  data,  satellite  (lata,  aiul  surface 
I'lwcrvati'ins  and  upper-air  observations  taken  at  Camp  Grayling,  MI.  Th< 
physical  processes  which  were  responsible  tor  the  clouds  and 
P  r  ec  i  p  i  t.  a  t  i  on  lor  both  cases  appeared  to  be  quite  ditferent. 

rhe  analyses  tor  the  2  1-2-*  January  case  showed  ttiat  the  region  of  dei*p 
. noyer Lion  was  along  the  axis  oi  the  southerly  wind  maximum.  A  high 
a  -  ssiin1  enter  was  situated  over  the  east  roasL.  The  west  —  east 
piessure  gradient  increased  as  a  trough  intensified  in  the  west.  As  a 
result.,  t  ue  speed  ol  the  meridional  wind  increased.  The  strong 
me i  idinnul  wind  brought  in  the  warm  and  moist  air  I  rum  the  south  in  the 
"i '  idle  ami  low  troposphere  resulting  in  a  conditionally  unstable 
atmosphere  above  7im  mb.  Finally,  the  large-scale  lilting  triggered  tin 
■ieep  ,.re  e,  >  ion  . i 1 1< i  lh»'  riJc/isi1  of  potential  instability 

f '  i  i  tie  1  i  •  —  1  7  lanuarv  ase,  a  cold  front  passed  ('.amp  Grayling,  Ml. 

>  :  lute  I  v  at  Mfitii  GM1'  17  January.  Sharp  horizontal  temperature  and 
viloer  potential  temperature  gradients  were  found  below  8">0  ml'  in 
i  *  'renin!  /one.  It  is  important  to  note  that,  the  atmosphere  was 
-■ '  1 1 '  i  e  oot.li  ,  die.  id  ol  and  behind  the  surface  trout  except  below  Lhc 
i  •  in  i  a  - 1  . 1 1  iii  inversion  ne.ii  the  ground  surface.  After  L  lie  passage  o  I  l  )>< 
•t  i  :  I  i rout  ,  a  wel 1  mixed  layer  was  evident  below  the  inversion 

:  I  -'Hated  the  •  old  a  rot  t  c  continental  air  below  and  warm  air 

uhsidcme  was  (ound  behind  the  cold  front  which  confined  the 
a*  I  >  c  1 "  w  f.  i»e  t  iiiei  xion.  The  ascending  motion  <>t  warm  moist  air 
.m:  die  id  tl><  sui  lace  cold  I  root  apparently  nut  utdl  and 

'  a  • ,  •  .  'he  .  onve.  i  i  mi .  As  t  lie  .  old  I  ion  t  and  the  co  1  d  air  beh  I  mi  it. 
i  c  l  ••  i •.  t  w  1 1  . 1  ,  the  (datively  warm  and  moist  air  was  lifted,  became 

111'  i  it'd  |  o  "d  1  |C  e  - 1  pl(->  ipit.lt  1('M. 
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UM'KMMX  !  -  I  pp»*r  Boundary  ^  "ii'lit  ion  tor  Lhe  Vert  •«  al  Mol  i>n 


t  h  i  s  study,  lh<*  upper  boundary  condition  w*U  was  unpom'd  at  inn  mb 
■■nil1,  O'Br  lotr'i.  i  l‘»7u)  scheme.  1’he  v<*rt  nal  cross  so  Lion  o  i  vrrL  n  i 
1  •  i  L  s'  and  divm^cnr  r»  obtai  tusi  hv  imposing  the  upper  boundary 

null  t  ion  W  =  U  al  2nu  mt>  tor  1200  (iMT  2*5  January  are  shown  in  Figures 
t<!  Vi  <i?  L  i i  s  Appendix  tor  comparison. 


U'PKNI)  I  X  2 


Pi  ... 


■d  1 1 1  e  C . )  r  r  •  >i  es  s  ! '  ppe  i  -A  i  i  Data  F  o  t  Snow  Two 


;  a.-  "it  1  im-  i  o  i  tin-  i .  i  ,  >. red  .  i  <•  s  L  <>  |m<)i  css  uppe  r  -  a  i  r  il.iL.i  is  pi  vni  liclow 

T.MS  -  R  DA  1  A  —  VAX  DISK  —  PROGRAM  UKC.S.XG 
a  IP1  :  il.AI  A  R  I  IT  -  PRtX.KAM  SGFNT 

-  .  li  7  J’:  DA  i  '.  K  :  •  :•  --  IRWSRRK  DATA  TO  UK. 

:  ruck  am  i  ark:  oi  in  i  data  mi.k 

--  PR.X.R  AM  HOKSt  --  U  I'l’l'i  DA  I  A  FII.K 

wv.  --  orii’i  ’!  da:  a  hit  -  wmpkt  <nn  cross)  —  oi  tti  i  i istings 

H  ah  I’rni:  f.ini  PR.i  S  \  .  ar.'i  MT'N'l  aie  on  tin-  VAX.  Tim  output  I  ill'  .’  1  oiii 
'a,c'  I  w  h  i  .  !i  i  'mi  L  .)  i  ns  s  oi  mil  ;  nps  w  i  L  h  1  ”>  ml>  intervals  is  Lr.insl  d  r  i  -  .1  in, 
cm.  j  *,  i»*  .li  m.  Th  i  s  data  file  is  rearranged  into  i  7  re.  <>rds 

Ci  arum  I  ark  7  >  .  Ia.!>  re.  <r<l  <  on  L  .i  i  ns  data  from  all  staLion.s  lor  the 

•„i:,im  |n  niMir..  level  iioin  tin-  surface  to  100  mb.  Finally  the  analysis 

i  in*  MCRM’I  "  is  used  Lo  ol.t_.iin  horizontal  df  sir  i  hut  i  ons  of  the 
....•teorologie.il  variables.  1  he  output  tile  from  Program  DKCSN'G  is  also 
1 1  mm!  a-,  an  inr.nl  t  i  ie  lor  Program  THKTAF.  which  calculates  relative 
holt.  »di  tv,  potent  i  a  1  temperature,  equivalent  potential  temperature,  ami 
,  :  t  t  i  n  >•  .  ondensa  L  ion  level  . 

\ete-  I  he  out  put  i  lie  name  lor  each  run  on  the  VAX  is  KOKoxx.dat. 
xx  is  the  unit  numbei  t oi  the  write  statement.  To  use  this  output 
file  as  tie  input  tile  tor  another  program  use  the  .  omman.f 

R  R  N  AMR-  R  ORDxx  .  >ia  t  Ft  >Rn  v  v  .  da  L 

where  vv  is  the  unit  nuintier  tor  ttm  read  statement  In  the  se.ond 
pi  ogram . 

tails  ot  Lite  procedures  and  .lot)  Control  languages  to  run  these 
p r  up  rams  are  lies,  i  i  lieil  as  follows: 

i  ...  1  KAURI  form  Me  1  HAS  has  a  header  record.  ho  run  program  KDATA.ROR  to 
.  opv  HA OR  data  Lo  VAX  computer ,  it  is  necessary  to  initialize  the  tile 
c  irt.Pei  to  fie  opied  (NR  II.K)  in  the  program.  the  command  procedures  to 
m.  >.  i  a  t  the  Laim  and  Min  H.ImLm  are: 

\;  ;.t .. .  \  i  R  M  I  A 2  (  or  i  i 

|  u  \  , ,  .  •■  .  >g  FOR  ill  it  /FfiKKK.V/ 

RhfT.Ri'M/K-T  'i,ii.'  h ;  I.CK'-. !  ;  I-  --  fw.ii 

r<iH  :  RD.AT  -, 
i  :  \l  HD  \ :  a 

1C  HM.Vf  \ 

H  >K  i  a  i.1  .  I!  VM  I  . .  examine  i  ! .<•  tiles  and  r  rein  d s  skipped  an! 

■Tie  r  .  .  1  i  iMli'.  line'.  tor  t  tie  tile  wanted) 

r  '  *  :  >-  t  •  'Hoi  i  ,  '  \  | 


c 


I 


:  f  i  t  >*  \'i  k  mt  \  j  '  01  < ) 

■  ;  •  Vi.l  M‘  M  |  A  J  (  or  i  )  : 

i  ;{!■»!  »  s  )  i  ■  ,  o!it,i:us  i  nl  onn.it  i  on  tor  «*  i  p,  h  t  periods  with  1  J  hr 

:  i1.  !<*  i  mi  UFCS\(;  Lo  « i  e. '  ode  the  data,  it  is  nfji  cssarv  l<>  spot  iiy 

'  -.1  <;ala  period  waiiti'd  .iml  the  doma  1  n  cons  liirirfi  ( set*  the  » oimm-nL 
Lot  cim  ’til  .•)  in  l  h  e»  p  ro)1,  i  -ini )  .  To  run  the  program,  use  the  command 

i  *  •  nlufs  ■ 

r-  r  \  AM  r.  ‘ <  >K : ' 1 1  !  .  !)\T  K(  »R  n«  i  \  .  I ).\  I 
’  'TV'Ai, 

,  \  K  1 1  r  .  '.■> y .  i  •  ,  S  I  ’  I .  I  i 
••'I  '  P h. i  S\u 

'  ■ ;  *  it  .in-  two  >  'lit  (Hit  I  lies  FO  KMII7.DAT  and  FOK008  .  DAT  .  FOR i  in 7  .  DAT  is  tl  »e 
:  :  i;  data  till'  tor  the  next  program  SGFNT .  FOR008.DAT  rontanis 

:  i;  a  mat  ion  for  data  .  vclcs  and  t  t  me  and  *  an  bo  deleted  at  Lor  a  list  nip, 

;  f- (  jRim  im  .  [>AT  is  obtained.  The  procedures  to  run  SGF\TT  are: 

-  •  H  iK'in  7  .  HAT  FORI)  1  “  .  DAI' 

;  Si-F.T 

■  ;  \  y  >i,h\  I 

,h  ..utpnt  I  lies  are  FORUHv.DAT  and  KOROl7.DAT.  KORi'i  1  7  .  DAT  cmiLimis 
:  -  , ;  ’ii .  1 1  :  *  r  ■-  :  a  sound  i  np.s  wj  L h  2  r)  mb  i  nterva  1  s  .  Th  is  tile  is 

•  ,  .  ■  (-i  to  the  GDC  bv  tvpinp,  in  the  command  MI.XX  (details  see 

!•»■>!!•  .  This  tile  is  the  input  data  t  i  1  e  for  CARR  7  on  the  Cfn  . 

h  *  i  ]  f>  .  | )  \  r  has  mtoirnat  ion  tor  both  input  d<it.a  (i.o.t  ffund.itoi  v  level 

a  ;  i  pn  .  i  i  *  an  t  level  data)  and  output  data  for  each  sounding.  Th  i  s 

‘e  :  i  i  o  1 1 1 1 1  be  ex.iini  lied  to  check  tor  bad  data  points.  Runmnp  '-*GF\  T, 
ma  v  en-  ounter  .in  '?vert  low  problem  due  to  bad  data  points.  When  if- 

r  i  1  OW  piof.leni  does  occur,  ll  is  neeessarv  to  <  tie>  k  .ltifl  edit  the  data 

I-I.--,::.,  1  1  \  (-M  add  edit  statements  to  the  program)  to  take  rare  ot  various 

,  i..il  i  i'ns  ,  Ihe  resulting*  J_r)  mb  da  t  a  should  be  «  h ec k ed  with  t  tie 

I  !  y  l  r  ,  .  •  1  I  i  !  {  »>  •  l  .  \ ,  |  I.  .  {  ■  .If  ft  111  1  V  .  A  1  1  S  t  l  UR,  f  O  r  FOR  O  1  f>  .  DAT  >'iU\  be  obt.UlH'd 

.  •  i  v  I  •  i  1 1  p  in  t  ti  e  .  •  i  mm.  i  nd  I  ‘  R  1  \'T  FORll1h.DAT.  I  ti  i  s  tile  •  a  n  be  deleted 

a  *  e  r  '.tF.  !'  i  ■  ran  s  1 1  •  •  e  s  s  f  i  i  1  1  v  . 

‘  .  a  1 1  1 1  i  !  i :  .  i  f  a  i  '  j:  h  < x  the  • ;  f)f .  is  the  J  "»  mb  sound  i  ups  ca  1  •  u  1  a  t  ed  hv 

.  i  •  \  ;  ».  hr-  v \v  .  The  1  o«  a  1  tile  names  I  oi  input  data  and 

i  ;  •  1  o'  f  e  • :  f  '  i  •  •.  |  »*  • .  1  i  v  e  1  v  .  Alter  runn  i  up  this  |> r  op  r  on  ,  t  ho 
i  :  *i  '  i  1  r  •  f-  i  i  r  ■ ,  •  «  1  ,  ;  .  >  t  >f  i  ewoimd  (or  s  i  tup  1  v  i  eLnrn  l  h  i  file). 

•  re  .  n>  c«  iiih-i  t  ivclv  ii  s  i  t  ip.  the  I  o  1  1  ov  i  up,  <  oinm<ind  s  : 

-  I  T  \  ■  H  ,  •  \RR  ’  ,  '  i  M-  1  '  •  M  D  - 

\«  f1 ,  t-  i  ,  n  \ :  a  ;  ,  : ; •  \t- ;  -« )\t.u . 

\  -  R  '  . 


I 

S 

i 

S 

s 

I 


> 


M.Snv.  0. 


y ,  a  . 

IK,,  \  ,  l),V!  A  2  ,  ’  \ 

rMiiKiiM-m  l  i  ’  •  •  DATA  2  is  tin1  input  t  1  1 e  tor  the  progiam  I!()KSI*I7.  To 
:  )R '  ■ : ' .  s  •  i  bin  i  l  a  1 1  i  L  .  i i  |ol)  with  the  .ICl.  .is  follows: 

i  .  i  (  t  -  I  •  h  i,  i  >!  -  7  7 i  n  H  »  ) 

•i ,  \  M'-XhhSOW.P. 

-a  ,  m.  ,  k=  t ,  n.=  l  '.‘non. 

:  ,  H  .  b\  !  A  J  ,  !  ii  =  NKI.Si)M.n  . 

B  ) 

:  •  %  i-  2 . 

M  /  ,  *  I'K  . 

i  V. .  ,  (. ,  Ml  i  DAT  \  ,  I  li^NKl.SOM,!). 


n  M.iiifi!  i  \  )  e  :)l  I  >  A  1  A  *  imlanis  information  tor  horizontal 
•  h •  ■  t  ions  ot  vi‘i  L  n  al  motion,  divergHioc,  vortieitv,  zonal  wunl, 
loioi  wmi-J,  t  e  jjij  »e  r  a  t  ur  e ,  do  w  point  temperature,  and  g  eopo  t  on  l  i  a  1 
t.  .  fi-.o*  .  am  WM  tonverts  the  v»-rtieal  p-velo*  i  tv  t  o  •  m  se«-l  using 
d  i  ' » '  ■  t .  i  l  i  •  i  --1.it  ionshi|i.  I  o  run  program  WM  using  the  follow)  nr 

Tii!  S 

H  ,  A  ,  i  ;i  i;  \  I  \  ,  I  l)  =  \hl .S0N1.P  . 

! !  ,  IgWM,  I  l>=-\ F*T  SOM .! > . 

--  ,  S !  ,  K  -  <  . 


;  %  f-  r  ;  >  j  . 

•  .  :  *  j  *  J  •  t 

KI1.KJ 

i  k.  ,  *  %  WM)\  I  A  .  I  Or.  \ ;  SOM.I) . 

<•!  data  I  i  1  WMlJATA  is  the  final  output  data  1  i  1  e  we  would 

:  o  k  •  •  •  * p .  !  o  obtain  an  output  listing  for  horizontal  distributions 

'•  r  t  i  •  a  1  « ■  t  •  ■  s  •;  t  i  on  s  )  o  t  me  L eor o 1 og i  « . a  1  t  l  e  1  ds  use  the  toll  ow  i  ng 

'  1 1  .  1  ♦ 


;t ,  \  ,  WMf'K  J  'UK  OKi  'SS  >  ,  :  1)-  \  FI  S0N1.D  . 

!;  ,  H  ,  WMDA  1  \  ,  ■/li-XH  Sr  i\|  f)  . 

■  \  ,  ’  A  ,  K  -  \  . 

K  ; 

‘f  ,  f  i  *  l  |  I  f,'H  . 

a  *t  ;  >  i !  ■  *  1  1  •  •  KuK  l»  1  7  .  i )  A  t  from  \  >  r  <>g  r  rim  SOK  NT  is  a  1  so  n  s  ed  as  input  data 

K'-iSS.KOK  on  tf.>*  VAX  tm  «  onstruet  Fast-Wi’st  i'i'oss  so*  t.  ions  of 
»  ol  or  )  ,  a  1  \  a  i  i  abl  es  t  or  m  slat  i  oris  7  2  ri  1  H  %  72^28 ,  7  2b  17  ,  7  2(w  r>  , 

,  "  Si  ',4  ,  n**rti  -*  >  degrees  N.  the  output  tile  KORII2  1  .PAT  is  the 

data  f  o  i  (  p  I  i  >  I  .  H  JK  to  oK.un  gr  aph  i  <  output.  Auo  1 1  e  ■  i  *  »t  1 1  pi  1 1  Ml<- 
'  i :  ’  • .  •  *  1  *  .  i  |t  *  •  i  in  "itt.  pul.  1  i  • .  '  ii  >  >  t  ■  ■  M  t  i  1 1 .  ■  I  . 
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At' PKNIJ  1 X  5  -  Pi  i>i  rilin  rs  Lo  hii.-i-ss  Surl  ai:c  Horn  1  v  [Jala  i  or  SNOW  TV'  > 


\  TAP !-.  --  (.nr:  DISK  --  pkooram  svrc 
ll'Trn  Fll.t-  —  PKOOHAM  MUKSP1.S 

.id.  Ill  ■  opy  .1  till-  on  Lo  Cix:  disk  is  stored  on  I  i  1  <■  JOB  1  A 

!i  !  s  (iivi-ii  as  I  nl  lows: 

■jobeard 

YSN . TAPE  I = SVC A /NT. 

RKCJI  KST.TAPKl  .  NT  ,  HI)  ,1 . ,  NS  ,  NOR  1  NG  . 

SK  r  PK ( TAPE  1  , N ,  1 7 , B) 

OOPYBK  ,  TAPE  !  ,  SVCHKN. 

RKWJ  \'D  ,  SVCHKN  . 

K KOOK ST  ,  A  ,  *  P K  . 

COPYBE. SVCHKN,  A. 

H  t :W  ]  \I),  A  . 

CATALOG,  A  ,  SVDATA  ,  I  t)  =  \K!.SONI.l) . 

KOK 

F.dK 

SVGA  is  Llie  volume  name  a  id  N  is  t  tie  number  o! 

■s  Lo  tie  sk  I  pped  . 

iGl .  to  run  I’  r  op,  i  am  N  V  BO  wti  i  e  li  de.  ode  s  L  In  ■  desired  mlnr  ma  Lion  is 

'll  be  1  OU 

lot.,  a  rd 

A  ITAOH  ,  A  ,  SVHC  ,  1  l)-\Kl.SONI.I) . 

MM,  I  -A 

ATTACH,  B  ,  SVUATA  ,  t  H  =  \'L  I.SoN!  U  . 

ATTACH,  t  ,  DATASV,  ID-SKI  SON  I  II . 

!.G0(  R,C) 

KKU  !  M),  I  APR". . 

RKOUKST , H , *  PK  . 

COPY  ,  I’AI't-  1,1). 

(  A  1  ALOIS  ,  I ) ,  V  I  l.KSAME  ,  I  l)  =  NlKI.SON  . 

KOK 

!■())- 

Note;  It.  is  i a ■  i  essarv  to  speeitv  t  tie  t  line  pei  led  and 
t  tll>  area  Li-  lie  '  n  s  1  de  r  ed  on  L  tie  da  t  a  tile  t  1  \  I  AS  V  (e ■  1  e  I  • 
rum  i  ) :>•  t'n-  Pi  op/  am  S  .  BO. 


AI'PKNDIX  -  Irausl  <*r  r  inj»  tiles  between  the  VAX  and  CDC 

•  is  a  t.ipabilitv  on  the  VAX  at  AKGL  to  transfer  a  tile  from  the  CfK 
if  VAX  ot  from  the  VAX  to  the  CDC.  A  command  procedure*  was  added  t < 
1  o>'  i  n  «  omniand  file  on  username  LEE 

MIXX  :  ==  d’BAO  :  [  I  *  S  h  HI  1  R  ]  Ml'XX  .COM 

v\'  •  ny.  Lhe  «  otnmanci  Mf‘XXt  we  will  be  able  to  transfer  a  file  from  one 
jiei  to  another  ii  the  t  »]e  contains  only  ASCII  characters  and  each 
rd  is  less  than  eighty  characters.  This  utility  has  a  built-in  hell 
il  .  For  the  «u  count  name,  we  have  to  enter  one  of  the  va  1  id  CDC, 
t.o,v  names  instead  of  the  login  password.  The  password  to  be 
red  is  the  problem  number  (Lire  number  in  columns  a  Vi— ”>4  of  the 
i  r  d  )  .  Other  than  thaL,  Lhe  procedures  to  transfer  a  I  lie  are 
»  t  bed  •  le,.rlv  in  the  help  manual. 


APPKXDIX  >  -  Hor  i  /onLfil  I)i  sLn  bul  1  oils  o  )  VrrL  )r;i]  Motion  anti 
D  1 


('.iso  ol  2  i  ^  January 

Horizontal  distributions  of  vorLnal  motion  at  7(H)  mh,  "uni  mb  and 
301)  nib  tor  1200  GMT  2\  January  are  given  in  Figures  ">  (> ,  “>7,  and  38 

Horizontal  distributions  of  divergence  at  surf  ate,  7nn  mb,  7nn  mb 
and  300  mb  tor  1200  GMT  23  January  are  given  in  Figures  V) ,  ( >  •  >  >  i,  ! 
and  62. 

Case  of  16-17  January 

Horizontal  distributions  of  vertical  motion  at  7<)0  mb,  3(H)  mb  and 
3(  Mi  mb  tor  OnoO  GMT  17  January  .are  given  in  Figures  6  3,  6*,  and  6  7 
Horizontal  distributions  of  divergence  at  surface,  700  mb,  700  mb 
and  0)0  mb  tor  0000  GMT  17  January  arc  given  in  Figures  66,  67,  68 
and  6H . 
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APPENDIX  f» 


-  ‘  upp  1  (*nu*n  t.<t  i "v  Au.il  yscs 

:i. livers  tor  MiJSin  C'»M'  7  a  January  amt  1200  CiM'I'  17  January  were  mado  .  f  h< 

i . .  1 1  v  s  <  *  tor  Lin'M1  t  i  mo  poriods  a  re  loss  I'onsistcnL  with  t.ho  observed 

■  M  !  Vt  L  i  vo  «ivt  ivitios.  Kor  vomp  1  etenesH  ,  t.  ho  vert  l  *  .  j  1  cross  sn  l  ions  « >  t 
‘ft  i  ■  <  t  1  uk  1 1  i  oi\  and  d  i  ve  ry.oiico  tor  du/iu  <  «\MT  24  January  and  I  2  on  ( A?  1  J  ? 

1 1 1 ;  i  a  r  v  .ire  shown  in  h  i  >m  i  »  « •  s  70,  71,  72,  a  i  \  t  \  7  J  ,  respo»  i  i  vel  v. 


*len  i«(  ')  0000  GMT  ,M  jA n i JAH  ( 


1.3*00 v  jf. 

Vert  i»<il  ,  West'K.isL  Cross  Seotions  ot  VorLii.il  Veto.  ltv 
\ver.i^o(l  troin  s<l  decrees  \  through  *4  2  <topr<-«-  \  lot  miOn  uM  1 

on  2a  Januar  v  l  J 8 a . 


■  r.  u  i  o 


Vert  i'  .i  1  .  West  Kast  Cross  So*  t;ou^  >t  l)  i  or>‘,on.  o  Averaged 
I  ;  '.'ii:  ■*«'  th*yro#’%  \  1.  tu  oii^h  a  2  1 1  f  •  y*  i  i  * » ■  s  \  lor  1 mid  ( ,MT  on  2  m 
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